Summary. Pituitaries of Syrian hamsters with and without chronic hyperglyeaemia were studied with morphometrie and karyometric methods. The hyperglyeaemie state was induced by low doses of alloxan, and maintained for 25 to 37 days. It had been potentiated in one group by a resection of at Ieast 50% of pancreatic tissue prior to alloxan administration. A marked rise in the volume of the aeidophils was found (p < 0.005). On the other hand, the karyometrie studies revealed a deftnite diminution of the mean nuclear area of the aeidophils in the diabetic animals, indicating decreased activity. The combination of an increase in mass of aeidophils and a decrease in their nuclear activity supports the theory of an increased storage rather than hypersecretion of a hormone. The hormone which was stored in the aeidophils is probably identical with growth hormone. If we consider the role of this hormone in carbohydrate and lipid metabolism, such a storage in chronic hyperglycaemia seems to be of importance.
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.Accumulation de granules acidophiles dans t'hypophyse en cas d'hyperglycdmie expdrimentale
Rdsumd. Nous In a morphometric study of pituitaries from patients with diabetes mellitus we observed a marked rise in the volume of the pituitary acidophils in cases of insulin-resistant diabetes and of lean diabetes with an absolute B-cell deficiency in the islets of Langerhans [17] . On the other hand, in obese mild diabetes this change was much less impressive. The question remained whether this elevated total mass of acidophils was a primary lesion in lean diabetes or a secondary effect. Therefore we started the present investigation with karyometric and volumetric studies in the experimentally hyperglycaemic Syrian hamster.,
Material and Methods
The aim was to produce a continuous hype~ylycaemic state in hamsters with alloxan and to avoid general toxic effects by the diabetogenic agent. We chose * Supported by grant Nr. 3625 of ,,Sehweizerischer Nationalfonds zur FSrderung der wissensehaftliehen Forschung".
Syrian hamsters weighing 120--155 g, and aged about 2 months; and divided these into 3 groups.
In group 1 (6 animals) at least 50% of the pancreas was resected 10 days prior to the injection of lower doses of alloxan. In group 2 (9 animals) the only treatment was injection of alloxan (the higher dose). 6 animals were used as controls. Since preliminary studies showed normoglycaemia in sham-partially-pancreateetomized animals, we have not included this series in this report. The animals which died before the end of the experimental period were not included in the results. Alloxan was injected intravenously (Sublingual vein) in a dose (see below in results section) which was just sufficient to produce glycosuria. Since it was only transient in many eases of group 2, we repeated the injections intraperitoneally (2--5 times) in appropriate doses. The last re-injection was done 2 days prior to the killing of the animals. Peroral instillation was tried in some cases, but the doses had to be quite high.
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After 27 to 36 days of hyperglycaemia, the animals were rapidly killed with ether after a short fasting period of about 1 89 h. The pituitaries were weighed, fixed in formol sublimate, embedded in paraffin and 3~-thick serial sections were stained with Pearse's triehrome method. The horizontal serial sections of 10 pituitaries were technically sufficient for stereologie measurements as proposed by Weibel [20, 21] . We recorded: 1. the whole mass of aeidophils without trying to differentiate the 2 major forms [4] ; and 2. the rest of the tissue together with the intercellular spaces. The number of recorded points was between 7000 and 20 000 per pituitary.
In 13 pituitaries karyometric studies could be done.
With an electronic mierolength measuring instrument (Wild, Heerbrugg, Switzerland) the diameters of 40 successive nuclei of acidophils were measured on the din blue, Hematoxyhn-eosin, Victoria blue (Ivie). Acells, well granulated and scarcely granulated B-cells and completely degranulated cells were counted separately. We tried to classify 1000 islet cells per animal in this manner. Nuclear glycogen of the hepatocytes was shown with Best's stain in alcohol-fixed tissue. t~or determinations of glucose and free fatty acids (FFA) we used fluoride-oxalate blood aspirated terminally by cardiopuncture. Glycosuria was tested with Tes-Tape|
Results
Generally, glucosuria occured after an injection of 50 mg alloxan per kg body weight; but was only transient in many cases of group 2, and therefore subsequent injections had to be performed as shown in the methods section. Generally, in the hyperglyeaemie t, Fig. 1 a. Full B~eell granulation in control animal (no 2, glycaemia 101 rag/100 ml) b subtotal, degranulation with accumulation of granules in perivaseular area (arrow). Alloxan only (No. 15, glycaemia i74 mg/100 ml) c strong degranulation. In some cells there may still be seen granules (arrow); slight eytoplasmatie and nuclear vacuolization (2 arrows). Alloxan 50 mg/kg + panereateetomy 50% (No. 91, glyeaemia 299 rag/100 ml) Gomori-l~unge stain; magnification 1175 X largest diameter of the pituitary in one or two central sections. The cyclic or elliptic areas from these data were calculated. Since these diameters were measured in sections, they did not always represent the equatorial diameters and are only useful when compared with controls.
The pancreatic tissue was fixed in Bouin's solution, embedded in paraffin and the following stains used for this investigation: Aldehydc-fuchsin, Ponceau de Xylidine after Gomori-Runge, Hellerstr6m's and Hellman's modification of Davenport's argentation, Toluianimals the increase in body weight was slowed down markedly. In group 2, an average weight loss of 18.6 g resulted mainly from a marked weight loss in 2 animals that had a severe terminal hafection (peritonitis or sublingual necrosis); whereas an average increase of 12 g in the 6 animals of group 1 resulted in part from 1 animal's increase of 30 g; the other increases ranged between 0 and 10 g. I t is probable that with one exception the mouth trauma due to the i. v. sublingual injections was not responsible for the weight loss. The terminal weights of the control animals were not recorded. 3.0 (n = 2) 2.5 (n = 4) pituitaries a a only pituitaries without any hypothalamic tissue (histologically).
mg/]00 mt reval/1 mg All the animals of group 1 and group 2 were slightly or m o d e r a t e l y hyperglyeaemic as shown in Table 1 . I n group 1, this hyperglycaemia and the rise in F F A were considerable. The pancreas morphology was consistent with B-cell h y p e r a c t i v i t y and alloxan diabetes. There was almost t o t a l degranulation in the overwhclming n u m b e r of B-cells (Figs. 1 e, 2) , or t h e y showed a striking orientation of the granules to the pericapillary areas ( Fig. l b) ; a few isolated B-cells with m a r k e d granulation were found in some islets. Ballooned cells were rather infrequent, whereas necrotic cells were numerous. I n the Hver cell nuclei, glycogen inclusions were not infrequent. I n group 1, generally t r e a t e d only once with alloxan, we observed definite signs of B-cell regeneration in some eases (Fig. 3) . The islets showed m a r k e d h y p e r t r o p h y and some of t h e m Diabetologia showed considerable secretory activity. The Khrnchen of Weichselbaum (stained with Toluidin blue) were clearly shown in most of the eases With hyperglycaemia. They were, however, present in one of the control cases (case 6) also. There was a slight elevation of the relative number of A-cells in the cases of groups 1 and 2.
Morphometric analysis of the pituitaries
In hyperg]ycaemic animals we found a marked rise in the volume of aeidophils (Fig. 4) 
Karyometric studies (nuclei of acidophil cells in the pituitaries).
The results are shown in Fig. 5 . Compared with those in the controls, the nuclei in the acidophil cells of both groups of hyperglyeaemic animals had significantly smaller areas (p<0.0025). The hyperglycaemic hamster with a terminal peritoneal infection had the smallest areas (19.37• In the hyperglycaemic group, the prevalence of elliptic nuclei was obvious. In mueoid cells, diminution of the nucleic area was not seen; the impression was that larger areas prevailed.
The weights of the pituitaries (which histologically had shown pituitary tissue only) are listed in Table 1 . The highest values were found in the definitely hyperglycaemic animals (group 1), whereas those of two animals of group 2 with slight hyperglycaemia were not significantly different from the controls. The weight increase correlated with the increase of the acidophi] cell mass in 5 of the 6 hyperglyeaemie cases. 
Discussion
In groups 1 and 2 a slight to marked hyperglycaemia and a rise of the FFA were obvious. Morphologically the islets showed the typical signs of a subdiabetic state according to Wellmann, Lazarus and Volk [22] . Necrosis of the B-cells was extended to a relatively moderate number, but a marked B-cell degranulation and hyperactivity was generally seen. This was demonstrated also by the presence of Weichselbaum's "Khrnchen", which according to Gepts [3] are found in hyperactive B-cells. The possibility that the hyperglycaemic state resulted simply from the terminal ether narcosis or from a general toxic effect of alloxan could therefore be excluded. The evidence of B-cell regeneration and islet hyperp]asia in group 1, and the need for repeated injections of alloxan at various times in the experimental period in some of the animals, showed that B-cell activity was quantitatively somewhat disturbed. It did not show the common pattern of hyperactivity in every single case.
As in the pituitaries of lean or insulin-resistant human diabetics whom we had studied, there was a marked rise in the volume of the acidophils in the pituitaries of alloxan-diabetic Syrian hamsters with the exception of one cachectic animal. A similar finding was made by Gaunt, Bahn and I-Iayles [2] in pituitaries of newborns from diabetic mothers; the relative number of acidophils was not increased but the total volume was. In children with corticosteroid treatment, Montandon [10] made the same observation. Others have shown an elevated pituitary growth hormone content in corticosteroid-treated animals [9] . Hypercorticism is a known inducer of a relative insulin resistance and of tendency to hyperglyeaemia. Therefore the common factor in diabetics, newborns of diabetic mothers and children under steroids would seem to be hyperglycaemia. We reviewed therefore the clinical data from the cases of our previous study [17] , and saw that the patients of the first two groups (lean and insulin-resistant diabetics) had died almost without any exception after a diabetic coma or after a long-lasting postcomatous hyperglycaemic period; whereas in cases of obese diabetes death had generally occurred after cardiovascular complications. This increase in the mass of the pituitary acidophils in such cases is probably not the primary cause of the development of diabetes mellitus. An acidotic state as a possible inducer of this cytological change is not probable, and the general state of the animal and alloxan toxicity are at least in our cases of no major importance. The hamsters of group 1 seemed to be well, and showed even a slight increase in weight.
We should like to point out the increased weight of the pituitaries in the diabetic cases. We believe that it is a sex-independent reaction, which was not seen in the male and female controls. However, the number of eases is too small for a definite conclusion.
1Vfany authors connect diminution of the nuclear volume and prevalence of elliptic areas, as shown in the pituitary acidophils, with decreased activity [7, 12, 
6, 5].
This observation was also made when autoradiographic techniques were used [12, ]8 ]. The common factor effecting such a combination of decreased nuclear activity and increased total volume of the acidophils is probably an increased storage of cytoplasmic granules. Schelin, Lundin and Bartholdson [16] , in another context, also thought that the presence of granules in the pituitary cell may reflect storage rather than secretion. On the other hand, degranulation may be in many cases a sign of activity, as in pituitary adenomas and in the pancreatic B-cells. With a few exceptions [19] this view is accepted by most authors.
These marked fluctuations in the cellular composition of the pituitary raise the question whether the cells of the anterior pituitary are capable of producing more than one single hormone when they are appropriately stimulated, or that the cell might have a capacity for storing more than one hormone. It is commonly accepted that growth hormone and prolactin are present in the acidophfls [4, 13] . In cases of genetic diabetes in mice [11] the granule increase could be paralleled with the growth hormone content. This hermone is rapidly secreted when hypoglycaemia, a stress or a rapid fall of hyperglycaemia occurs [14, 15] ; whereas it may decrease to immeasurably low plasma levels in the resting state or when a hypoglycaemie state is corrected. In our cases the chronic hyperglycaemia favours storage of growth hormone.
In conclusion we think that our findings of an elevation of the relative and absolute volumes of the acidophils in a diabetic state may be a secondary storage phenomenon induced by the chronic hyperglycaemia.
